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Upper rimഁ㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗᆵ࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤ࡞ࡻࡾ 
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Extraction behavior of Rare Earths with Calix[4]arene Compound  
Containing Quaternary Ammonium Nitrate on Upper Rim 
By 
Keisuke OHTO, Ryoji Sugiyama, hiroaki Ishii, Katsutoshi INOUE 
 
Abstract: Quaternary ammonium nitrate type of calix[4]arene derivative has been prepared to investigate 
extraction behavior of rare earth metal ions, together with a monomeric analog and a commercial 
quaternary ammonium compound. The present extractant only extracts rare earths under the condition 
with high concentration of ammonium nitrate. Commercial and the monomeric extractants show light rare 
earths selectivity. The calic[4]arene derivative also show light rare earths selectivity, although the size 
effect (structural effect based on modification at upper rim) was not obviously observed due to poor 
solubility to organic solvent and insufficient extractability. 
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 ᕵᅰ㢦ࡢ㞹Ꮔᮞᩩࡷ☚ᛮᮞᩩ࡝࡜ࡡᶭ⬗ᛮᮞᩩࡡ
ཋᩩ࡛ࡊ࡙ᗀࡂฺ⏕ࡈࡿ࡙࠷ࡾࠊࡐࡡ㝷ࠉኣࡂࡡሔ
ྙ࡚㸨㹃㸝㸨㹃ࡢ㸮㸮㸣㸮㸚㸞௧୕࡛࠷ࡖࡒ㧏⣟ᗐ
࠿さịࡈࡿࡾࠊ(1) ࡊ࠾ࡊ࡝࠿ࡼࠉᕵᅰ㢦ඔ⣪ࡢ໩
ᏕⓏᛮ㈻࠿㓖జࡊ࡙࠽ࡽࠉ㧏ຝ⋙ࡡฦ㞫⢥⿿Ἢ࠿ị
ࡴࡼࡿ࡙࠷ࡾࠊ(2)ᵕࠍ࡝ฦ㞫⢥⿿Ἢࡡ୯࡚ࠉኬぞᶅ
ฌ⌦࠿ྊ⬗࡚࠵ࡾࡒࡴ࡞⌟ᅹࡢ⁈፳᢫ฝἪ࠿୹Ὦ࡛
࡝ࡖ࡙࠷ࡾࠊᐁ⏕Ⓩぜᆀ࠾ࡼࠉ⁈፳᢫ฝἪࡡ୯࡚ࡵ
ᵕࠍ࡝ᅄᏄ࠿⩻࠻ࡼࡿࡾ࠿ࠉ᢫ฝ㹥㸽㡷ᇡࡷฦ㞫ᛮ
⬗ࡢ᢫ฝモⷾࡡᛮ㈻࡞ኬࡀࡂᙫ㡢ࡈࡿࡾࡒࡴࠉඁࡿ
ࡒ᢫ฝ๠ࡡฺ⏕࠿᭻ࡱࡊ࠷ࠊ⌟ᅹ⏕࠷ࡼࡿ࡙࠷ࡾ᢫
ฝ๠ࡢࣛࣤ㓗⣌࡚࠵ࡾ࠿ࠉ᭩ࡵฦ㞫ࡡඁࡿࡒ㸧Ѹ ࢙
ࢲࣜࣉ࢞ࢨࣜѸ 㸧Ѹ ࢙ࢲࣜࣉ࢞ࢨࣜ࣌ࢪ࣌ࣤ㓗࡚ࡵࠉ
ࡐࡡฦ㞫ᛮ⬗ࡢ༎ฦ࡛ࡢゕ࠷㞬࠷ࠊᚉࡖ࡙ࠉ┤࢙ࢾ
ࡷ⿞⨠ࡡ⦨ᑚ໩࡛࠷ࡖࡒふⅤ࠾ࡼඁࡿࡒ᢫ฝ๠ࡡ㛜
Ⓠ࠿᭿ᙽࡈࡿ࡙࠷ࡾࠊ
ᖲᠺᖳ᭮᪝ུ⌦
⌦ᕝᏕ㒂ᶭ⬗∸㈻໩Ꮥ⛁
׉ఫ㈙ኬᏕ⌦ᕝᏕ㒂
 ᚉᮮࡡࣛࣤ㓗⣌᢫ฝ๠ࡢࠉᕵᅰ㢦ࡡ୯࡚ཋᏄ␊ྒ
࠿ኬࡀࡂࠉ࢕࢛ࣤ༖ᙼࡡഷ࠾࡞ᑚࡈ࡝㔔ᕵᅰ࡞㐽ᢝ
ᛮࢅ♟ࡌࡆ࡛࠿▩ࡼࡿ࡙࠷ࡾࠊ(3) ୌ᪁ࠉ㸩⣥࢓ࣤ
࣓ࢼ࣑ࢗ◢㓗ሲᆵ᢫ฝ๠࡚ࡢཋᏄ␊ྒ࠿ᑚࡈࡂࠉ࢕
࢛ࣤ༖ᙼࡡഷ࠾࡞ኬࡀ࡝㍇ᕵᅰ࡞㐽ᢝᛮࢅ♟ࡌࡆ࡛
࠿▩ࡼࡿ࡙࠷ࡾࠊ(3c, 4) Fig.1࡞୦᢫ฝ࡞ࡻࡾᕵᅰ㢦ࡡ
᢫ฝലྡྷࡡ┞㐢࡞㛭ࡌࡾᴣ␆ᅒࢅ♟ࡌࠊ 
 ࢜ࣛࢴࢠࢪ࢓࣭ࣝࣤࡢኬ⎌≟࣌ࢪࢹฦᏄ࡚࠵ࡽࠉ
࣌ࢪࢹ࣬ࢣࢪࢹ໩Ꮥࡡฦ㔕࡚◂✪ࡈࡿ࡙ࡀࡒࠊᙔ◂
✪ᐄ࡚ࡵᵕࠍ࡝࢜ࣛࢴࢠࢪ࢓࣭ࣝࣤㄇᑙమࢅྙᠺࡊࠉ
㔘ᒌ࢜ࢲ࢛ࣤࡡ᢫ฝᣪິࠉ≁࡞┞பฦ㞫࡞ࡗ࠷࡙᳠
ゞࡊ࡙ࡀࡒࠊ௧๑ࡡ◂✪࡚ࠉ࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝ
ࣤࡡ⎌ࡡࡻࡽ㛜࠷ࡒ upper rim ഁ࡞࣌ࢪ࣌ࣤ㓗ࡡᏻ
⬗ᇱࢅᑙථࡊࡒ᢫ฝ๠࡚ࡢࠉᑊᚺࡌࡾ࣓ࢿ࣏࣭ㄇᑙ
మࡻࡽࡵᕵᅰ㢦࡞ᑊࡌࡾฦ㞫ᛮ⬗࠿຋ࡾࡆ࡛࠿ฦ࠾
ࡖࡒࠊ⎌ࡡࡻࡽ㛜࠷ࡒ upper rim ഁ࡫ࡡᏻ⬗ᇱࡡᑙ
ථࡢࠉࢦ࢕ࢫຝᯕࡡふⅤ࠾ࡼࡢ࢕࢛ࣤᙼࡡࡻࡽኬࡀ
࡝㍇ᕵᅰ࡞ฺ࡚᭯࠵ࡾࠊୌ᪁ࠉᑙථࡊࡒᏻ⬗ᇱࡢࡻ
ࡽᑚࡈ࡝㔔ᕵᅰ࡞㐽ᢝᛮࢅ♟ࡌ࣌ࢪ࣌ࣤ㓗ᇱ࡚࠵ࡾࠊ
ࡆࡡࡒࡴࠉᵋ㏸ຝᯕ࡛ᏻ⬗ᇱࡡຝᯕ࠿┞ṽࡊࠉࡌ࡝
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ࢂࡔᵋ㏸ຝᯕ࠿ㇿ࡞഼ࡀࠉᏻ⬗ᇱࡡຝᯕࡡࡲࡡ࣓ࢿ
࣏࣭ㄇᑙమࡻࡽࡵฦ㞫ᛮ⬗࠿຋ࡖࡒ࡛⩻࠻ࡼࡿࡾࠊ 
 ᮇ◂✪࡚ࡢࠉ࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤ⎌ࡡࡻࡽ㛜
࠷ࡒ upper rim ഁ࡞ࠉ㍇ᕵᅰ㐽ᢝᛮࢅ♟ࡌ㸩⣥◢㓗
࢓࣓ࣤࢼ࣑ࢗᇱࢅᑙථࡊࡒ᢫ฝ๠ࢅྙᠺࡊࠉᕵᅰ㢦
ࡡ᢫ฝᣪິ࡞ࡗ࠷࡙᳠ゞࡊࡒࡡ࡚ሒ࿈ࡌࡾࠊ 
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㸧—㸦 モⷾ 
 ᮇ◂✪࡚ࡢࠉ㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗᇱࢅ᭯ࡌࡾ࢜
ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤㄇᑙమࠉᑊᚺࡌࡾ࣓ࢿ࣏࣭ㄇ
ᑙమࠉ࠽ࡻࡦᕰ㈅ࡡ㸩⣥࢓࣓ࣤࢼ࣑ࢗሲᆵ᢫ฝ๠ࢅ
ᕵᅰ㢦࡞ᑊࡌࡾ᢫ฝ๠࡛ࡊ࡙⏕࠷ࡒࠊࡆࡿࡼ㸨⛸ࡡ
᢫ฝ๠ࡡᵋ㏸࡛┤␆オྒࢅFig.2࡞♟ࡌࠊ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5,11,17,23Ѹ ࢷࢹࣚࢠ࣒ࣞࣞࢲࣜ-25,26,27,28Ѹ ࢷ
ࢹࣚѸ n Ѹ ࢛ࢠࢲࣜ࢜ࣛࢴࢠࢪ [4]࢓࣭ࣝࣤ
㸝 ClCH2[4]Oct 㸞 ࡛ ࡐ ࡡ ࣓ ࢿ ࣏ ࣭ ㄇ ᑙ మ
㸝ClCH2[1]Oct㸞ࡢ௧๑ࡡ◂✪(5)࡛ྜྷᵕ࡞ࡊ࡙⾔ࡖ
ࡒࠊࢠ࣒ࣞࣞࢲࣜ໩ྙ∸ࡡ㸩⣥࢓࣓ࣤࢼ࣑ࢗ໩ࡢ㛏
ᓧࡼࡡㄵᩝ(6) ࡞ᚉࡖ࡙⾔ࡖࡒࠊ 
5,11,17,23Ѹ ࢷࢹࣚ࢞ࢪ㸝ࢹ࢙ࣛࢲࣜ࢓࣓ࣤࢼ࢛࣒
ࢲࣜ㸞-25,26,27,28Ѹ ࢷࢹࣚѸ nѸ ࢛ࢠࢲࣜ࢜ࣛࢴࢠ
ࢪ [4] ࢓ ࣝ ࣭ ࣤ  ࢷ ࢹ ࣚ ࢠ ࣞ ࣚ ࢕ ࢺ
㸝TEQAC[4]Oct㸞ࡡྙᠺ 
 5,11,17,23Ѹ ࢷࢹࣚࢠ࣒ࣞࣞࢲࣜ-25,26,27,28Ѹ ࢷ
ࢹࣚѸ n Ѹ ࢛ࢠࢲࣜ࢜ࣛࢴࢠࢪ [4]࢓࣭ࣝࣤ
㸝ClCH2[4]Oct㸞0.49 g (mmol)ࠉࢹ࢙ࣛࢲࣜ࢓࣐ࣤ
9.17 g (mmol)ࠉ࠽ࡻࡦ࢓ࢬࢹࣤ100 cm3ࢅΊྙࡊࠉ
50Υ࡚ຊ⇍᧘ᢶࡊࡒࠊ㸪᪝ᚃࠉTLC ࡞ࡻࡽཬᚺࡡ
⤂஡ࢅ☔ヾࡊࡒࠊ⁈፳ࢅ΅ᅸ⏻ཡࡊࡒᚃࠉ┘Ⓩ∸ࢅ
ࢠ࣑࡚ࣞࣞ࣌ࣜ᢫ฝࡊࠉࡆࡡ᭯ᶭ┞ࢅ㸦㹂㸝㹂㸲㹢
㹤㹡 㹙㹢Ѹ 㸨㸞ሲ㓗࡚㸨ᅂࠉⵠ⏻Ề࡚㸨ᅂὑὯࡊࠉ
↋Ề◪㓗࣏ࢡࢾࢨ࣑࡚ࢗஜ⇩ࡊࡒࠊ℈㐛ᚃࠉ⁈፳ࢅ
΅ᅸ⏻ཡࡊࠉῈ㯜Ⰵ⤎ᬏ0.28 g㸝52.0㸚㸞ࢅᚋࡒࠊ 
TLC (SiO2, CHCl3 : MeOH = 3 : 1) Rf =0.00, -327
2-_()(O928Υț-W
(--P(-(-(-
- P 4(-(-  - P (-(-(-
H]R-W4(-(--I
(-HQIR-V(-3-
V&U-

4Ѹ ࢹ࢙ࣛࢲࣜ࢓࣓ࣤࢼ࢛࣒ࢲࣜѸ 2,6Ѹ ࢩ࣒ࢲࣜѸ
㹣 Ѹ ࢛ ࢠ ࢹ ࢞ࢨ ࣊ࣤࢭ ࣤ  ࢠࣞ ࣚ࢕ ࢺ
㸝TEQAC[1]Oct㸞ࡡྙᠺ 
 4Ѹ ࢠ࣒ࣞࣞࢲࣜѸ 2,6Ѹ ࢩ࣒ࢲ࢛ࣜࢠࢹ࢞ࢨ࣊ࣤ
ࢭࣤ㸝ClCH2[1]Oct㸞10.00 g (35.4 mmol)ࠉࢹ࢙ࣛࢲ
ࣜ࢓࣐ࣤ 35.84 g (93.7 mmol)ࠉ࠽ࡻࡦ࢓ࢬࢹࣤ 500 
cm3ࢅΊྙࡊࠉ55Υ࡚ຊ⇍᧘ᢶࡊࡒࠊ㸮㸫᫤㛣ᚃࠉ
TLC ࡞ࡻࡽཋᩩࡡᾐ኶ࢅ☔ヾࡊࡒࠊ⁈፳ࢅ΅ᅸ⏻
ཡࡊࡒᚃࠉ┷✭࣎ࣤࣈ࡚ஜ⇩ࡊࠉᶫⰅ⢋ᛮᾦమ
12.40 g㸝91.2㸚㸞ᚋࡒࠊ 
TLC (SiO2, hexane:CHCl3=2:1) Rf = 0.69, -327
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 - P (-  - W 
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-V
&U(--P(-(-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-W
4(-(-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 ௧୕ࡻࡽࠉ㸧ࡗࡡ໩ྙ∸࠿ሲ໩࢓࣓ࣤࢼ࣑ࢗᆵࡡ
໩ྙ∸࡚࠵ࡾࡆ࡛ࢅ☔ヾࡊࡒࠊ 
 ࡱࡒࠉ㸨⛸ࡡሲ໩࢓࣓ࣤࢼ࣑ࢗᆵ໩ྙ∸㸝ᕰ㈅ࡡ
໩ྙ∸ TOMAC ࡢࢹ࢛ࣛࢠࢲࣜ࢓࣓ࣤࢼ࣑ࢗ ࢠ
ࣞࣚ࢕ࢺ࡚࠵ࡽࠉTOMANࡡ๑㥉ᑊ࡚࠵ࡾࠊ㸞ࡢ௧
CH2
OnOct
CH2 N
+
Et
Et
Et
NO3
-
4
OnOct
CH2 N
+
Et
Et
Et
NO3
-
nOct N+
nOct
CH3
nOct
NO3
-
TEQAN[4]Oct TEQAN[1]Oct
TOMAN (Commercial extractant)
Fig.2  Chemical structures and abbreviations
of the present extractants.
Light REs                    HeavyREs 
(large)                          (small)
F
u
n
ct
io
n
 o
f 
ex
tr
ac
ti
o
n
 d
eg
tr
ee
  
  
  
  
  
(%
E
, 
D
, 
K
ex
, 
e
tc
.)
Fig.1  Different tendency forthe extraction
of rare earths with diffrent extractants. 
Broken line : phosphorus extractant,
solid line : quaternary ammonium extractant.
Sequence of rare earths (REs)
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ୖࡡࡻ࠹࡞ࡊ࡙㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗሲᆵ໩ྙ∸࡞
ንᥦࡊࡒࠊ 
 ሲ໩࢓࣓ࣤࢼ࣑ࢗᆵ໩ྙ∸ࢅᡜᏽ⃨ᗐ࡞࡝ࡾࡻ࠹
࡞ࢠ࣑ࣞࣞ࣌ࣜࡱࡒࡢࢹ࢙ࣜࣤ࡞⁈よࡊࡒࠊࡆࡡ᭯
ᶭ┞ࢅ㸧㹂ࡡሲ㓗࡚㸧ᅂࠉⵠ⏻Ề࡚㹥㸽࠿㸪࡞࡝ࡾ
ࡱ࡚ᩐᅂὑὯࡊࡒࠊࡈࡼ࡞ࠉ㸧㹂ࡡ◢㓗࢓࣓ࣤࢼࢗ
࣑Ề⁈ᾦ࡚㸧ᅂὑὯᚃࠉ↋Ề◪㓗ࢻࢹ࣑࡚ࣛࢗஜ⇩
ࡊࡒࠊ℈㐛ᚃࠉ⁈፳ࢅ΅ᅸ⏻ཡࡊࠉ්ᗐࠉᡜᏽ⃨ᗐ
࡞࡝ࡾࡻ࠹࡞ṟ῵࡞ࢠ࣑ࣞࣞ࣌ࣜࡱࡒࡢࢹ࢙ࣜࣤࢅ
ຊ࠻࡙ࠉ᭯ᶭ┞࡛ࡊࡒࠊࡆࡡ⁈ᾦࢅཱིࡽࠉ◢㓗㖗ࡡ
Ề⁈ᾦ࡛᥃りࡈࡎࡒ࠿ࠉሲ໩㖗ࡡỷẂࢅ⏍ࡋ࡝࠾ࡖ
ࡒࡡ࡚ࠉሲ໩∸ᆵ໩ྙ∸࠾ࡼ┘Ⓩ∸࡚࠵ࡾ◢㓗ሲᆵ
໩ྙ∸࡞ንᥦࡊࡒ࡛ึ᩷ࡊࡒࠊ඼ᆵౚ࡛ࡊ࡙ࠉ
TEQAN[4]Octࡡྙᠺࢪ࣭࣑࢞ࢅFig.3࡞♟ࡌࠊ 
 
5,11,17,23Ѹ ࢷࢹࣚ࢞ࢪ㸝ࢹ࢙ࣛࢲࣜ࢓࣓ࣤࢼ࢛࣒
ࢲࣜ㸞-25,26,27,28Ѹ ࢷࢹࣚѸ nѸ ࢛ࢠࢲࣜ࢜ࣛࢴࢠ
ࢪ[4]࢓࣭ࣝ  ࣤࢷࢹࣚࢼࢹࣝ࢕ࢹ㸝TEQAN[4]Oct㸞 
TEQAN[4]Octࡡฦᯊ⤎ᯕࢅ௧ୖ࡞♟ࡌࠊ 
 
TLC (SiO2, CHCl3 : MeOH = 3 : 1) Rf =0.00, 
-3272-_()(O928Υț
- W (-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-P
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-IH]R(-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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-
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ᢫ฝᐁ㥺࡞⏕࠷ࡒᕵᅰ㢦ሲࡷ⥾⾢๠࡝࡜ࡡモⷾ㢦
ࡷᕵ㔐๠࡛ࡊ࡙⏕࠷ࡒ⁈፳ࡢ≁⣥ဗࢅ㉆ථࡊࠉ⬲Ề
ฌ⌦ࡷ⢥⿿ࢅࡎࡍ࡞ࡐࡡࡱࡱ⏕࠷ࡒࠊ 
 
㸧—㸧 ࣓ࢿ࣏࣭ㄇᑙమࡡỀ┞࡫ࡡ⁈ฝ࡞㛭ࡌ
ࡾᏽᛮモ㥺 
 ᢫ฝᐁ㥺࡞඙㥉ࡄ࡙ࠉ࣓ࢿ࣏࣭ㄇᑙమ
TEQAN[1]Oct ࡡỀ┞࡫ࡡ⁈ฝ࡞ࡗ࠷࡙ࠉ1H-NMR
࡞ࡻࡾᏽᛮモ㥺ࢅ⾔ࡖࡒࠊ 
 TEQAN[1]Oct97.6 mgࢅ㔔ࢠ࣑ࣞࣞ࣌ࣜ 2 cm3࡞
⁈よࡊࠉ㔔Ề 2 cm3࡛Ίྙࡊࠉᣲ┖ࡊࡒࠊỀ┞࡞
TMS ࢅຊ࠻ࡒᚃࠉ1H-NMR ࡞ࡻࡽ࣓ࢿ࣏࣭ㄇᑙమ
ࡡࣅ࣭ࢠ࡞ࡗ࠷࡙ῼᏽࢅ⾔ࡖࡒࠊ 
 
㸧̾ 㸨 ᕵᅰ㢦ࡡ᢫ฝᐁ㥺
 Ề┞ࡢ྘ᕵᅰ㢦ࡡ◢㓗ሲࢅ P2 ࡞࡝ࡾࡻ࠹࡞
㐲᏿ࢅΊྙࡊ࡙ࠉᡜᏽ⃨ᗐࡡ◢㓗ࡷ◢㓗࢓࣓ࣤࢼࢗ
࣑࡞⁈よࡊ࡙ㄢ⿿ࡊࡒࠊ㸧㸣㸦࡞♟ࡊࡒࡻ࠹࡞ᡜᏽ
⃨ᗐ࡞ㄢ⿿ࡈࡿࡒ᭯ᶭ┞࡛Ề┞ࢅࠉ➴㔖HPΊ
ྙࡊࠉΥ࡚㸭᫤㛣௧୕ᣲ┖ࡊ࡙ࠉฦ┞ࡊࡒࠊỀ⁈
ᾦ୯ࡡᕵᅰ㢦⃨ᗐࢅ .(5&*8㸝8KLPFI_X.(58
㸞࡞ࡻࡽᏽ㔖ࡊࡒࠊ 
 
㸨㸣⤎ᯕ࡛⩻ᐳ

㸨̾ 㸦 ࣓ࢿ࣏࣭ㄇᑙమࡡỀ┞࡫ࡡ⁈ฝ࡞㛭ࡌ
ࡾᏽᛮモ㥺 
 1H-NMR ࢅ⏕࠷ࡒᏽᛮモ㥺࡚ࡢࠉ㔔Ề୯࡞᢫ฝ๠
ࡡࣅ࣭ࢠࡢ᳠ฝࡈࡿ࡝࠾ࡖࡒࠊᏽᛮᐁ㥺࡚ࡢ࠵ࡾ࠿ࠉ
ࡆࡡ⤎ᯕ࠾ࡼ᢫ฝ๠ࡡỀ┞࡫ࡡ⁈ฝࡢᑛ࡝ࡂ࡛ࡵ
ᩐ㸚௧ୖ࡚࠵ࡾ࡛⩻࠻ࡼࡿࡾࠊ㸩⣥࢓࣓ࣤࢼ࣑ࢗሲ
࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤㄇᑙమ࡛࣓ࢿ࣏࣭ㄇᑙమࡡ
ฦᏄ㔖࡛㞹Ⲭᩐࡢ ࡮࡯Ẓౚࡌࡾࠊ࣓ࢿ࣏࣭ㄇᑙమ
࡚Ề┞࡫ࡡ⁈ฝ࠿㉫ࡆࡼ࡝࠷ࡆ࡛࠾ࡼࠉ࢜ࣛࢴࢠࢪ
[4]࢓࣭ࣝࣤㄇᑙమ࡚ࡵỀ┞࡫ࡡ⁈ฝࡢ㉫ࡆࡼ࡝࠷
࡛⩻࠻ࡼࡿࡾࠊ 
 
㸨̾ 㸧 ᕰ㈅᢫ฝ๠ 942&3 ࡞ࡻࡾࣚࣤࢰࣤ᢫
ฝ⋙࡞ཀྵ࡯ࡌᵕࠍ࡝ᅄᏄࡡ᳠ゞ
 ᮇ◂✪࡚ྙᠺࡊࡒ㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗሲᆵ໩ྙ
∸࡞ࡻࡾ᢫ฝᐁ㥺࡞඙㥉ࡄ࡙ࠉᕰ㈅᢫ฝ๠࡚࠵ࡾ
TOMAN࡞ࡻࡾ La(III)࢕࢛ࣤࡡ᢫ฝ⋙࡞ཀྵ࡯ࡌᵕࠍ
࡝ᅄᏄ࡞ࡗ࠷࡙᳠ゞࢅ⾔ࡖࡒࠊFig.4 ࡞ᵕࠍ࡝ᐁ㥺
᮪௲ୖ࡚ࡡ TOMAN ࡞ࡻࡽ㸨౮ࣚࣤࢰࣤ࢕࢛ࣤࡡ
᢫ฝ⋙ࢅ♟ࡌࠊࡱࡒࠉFig.1 ࡞♟ࡊࡒᐁ㥺␊ྒ࡛ᐁ
㥺᮪௲ࡡ㛭౿ࢅTable 1࡞♟ࡌࠊ 
 ᐁ㥺ձ࠾ࡼճࡱ࡚ࡡẒ㍉࡚ࠉ᢫ฝ๠⃨ᗐ࠿㧏ࡂ࡝
ࡾ࡮࡜ࣚࣤࢰࣤࡡ᢫ฝ⋙࠿㧏࠷ࡆ࡛࠿ฦ࠾ࡖࡒࠊࡱ
ࡒࠉᐁ㥺մࠉյࠉ࠽ࡻࡦղࡡẒ㍉࠾ࡼࠉ◢㓗࢓࣓ࣤ
ࢼ࣑⃨ࢗᗐ࠿㧏ࡂ࡝ࡾ࡮࡜ࠉ᢫ฝ⋙࠿㧏࠷ࡆ࡛࠿ฦ
࠾ࡖࡒࠊࡱࡒࠉᐁ㥺ն࡛շ࡚◢㓗࢓࣓ࣤࢼ࣑ࢗࡡ௥
ࢂࡽ࡞༎ฦ࡞㧏࠷⃨ᗐࡡ◢㓗ࢅ⏕࠷ࡒ࠿ࠉ࡮࡛ࢆ࡜
CH2
OnOct
CH2Cl
4
ClCH2[4]Oct
Fig.3  Synthetic scheme of quaternary ammonium
type of calix[4]arene.
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Extraction behavior of Rare Earths with Calix[4]arene Compound 
Containing Quaternary Ammonium Nitrate on upper rim 
᢫ฝࡢ㉫ࡆࡼ࡝࠾ࡖࡒࠊࡆࡿࡼ◢㓗࢓࣓ࣤࢼ࣑⃨ࢗ
ᗐ౪Ꮛᛮ࡛◢㓗࢓ࢼ࢛⃨ࣤᗐ౪Ꮛᛮࡡ㸧ࡗࡡᐁ㥺࠾
ࡼࠉ◢㓗࢓࣓ࣤࢼ࣑ࢗࡢ࢓ࢼ࢛࡛ࣤࡊ࡙ᕵᅰ㢦ࡡ᢫
ฝ࡞㛭୙ࡌࡾ࠿ࠉࡐࡿࡻࡽࡵࡳࡊࢀሲᯊ๠࡛ࡊ࡙ࡡ
ష⏕࠿ኬࡀࡂᙫ㡢ࡌࡾࡆ࡛࠿⩻࠻ࡼࡿࡾࠊࡱࡒࠉᐁ
㥺մ࡛ո࡞Ẓ㍉࠾ࡼࠉ◢㓗࢓࣓ࣤࢼ࣑⃨ࢗᗐࢅ㧏ࡴ
࡙ࡵࠉ⁈፳࡞ࢠ࣑ࣞࣞ࣌ࣜࢅ⏕࠷ࡾ࡛ࠉධࡂ᢫ฝࡊ
࡝࠷ࡆ࡛࠿ฦ࠾ࡖࡒࠊ࢕࢛ࣤᑊᆵࡡ᢫ฝ࡚ࡢࠉᴗᛮ
⁈፳ࡢ୦࢕࢛࡛ࣤ┞பష⏕ࡌࡾࡒࡴ࡞᢫ฝࢅ㜴ᐐࡌ
ࡾࡆ࡛࠿▩ࡼࡿ࡙࠽ࡽࠉࢠ࣑ࣞࣞ࣌ࣜ⁈፳࡚ࡢ᢫ฝ
࠿㉫ࡆࡼ࡝࠾ࡖࡒ࡛⩻࠻ࡼࡿࡾࠊ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
㸨̾ 㸨 㸨⛸ࡡ᢫ฝ๠࡞ࡻࡾᕵᅰ㢦᢫ฝ࡞ᑊࡌ
ࡾ㐽ᢝᛮ 
 㸨㸣㸧ࡡᐁ㥺⤎ᯕࠉࡱࡒฦᯊᶭჹ࡝࡜ᵕࠍ࡝᮪௲
ࢅඔ࡞Ửᏽࡊࡒ᭩㐲ᐁ㥺᮪௲ࡢࠉ᢫ฝ๠⃨ᗐ㸯࢜ࣛ
ࢴࢠࢪ[4]࢓࣭ࣝࣤㄇᑙమ 㸪 mMࠉ ࣓ࢿ࣏࣭ㄇᑙ
మ࡛ TOMAN 㸪㸥 mMࠉ⁈፳㸯ࢹ࢙ࣜࣤࠉ◢㓗࢓
࣓ࣤࢼ࣑⃨ࢗᗐ㸯㸦㸥 㹂ࠉ㔘ᒌ࢕࢛⃨ࣤᗐ㸯྘ 0.3 
mMࠉᣲ┖Ὼᗐ㸯㸨㸥Υࠉᣲ┖᫤㛣㸯㸧㸩᫤㛣࡚࠵
ࡖࡒࠊ 
 Fig.5 ࡞㸨⛸ࡡ㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗᆵ᢫ฝ๠࡞
ࡻࡾᕵᅰ㢦ࡡ᢫ฝ⋙ࢅ♟ࡌࠊ㸨⛸ࡡ᢫ฝ๠භ࡞ྎ⫢
ୖ࠿ࡽࡡࣈࣞࢴࢹ࡛࡝ࡽࠉFig.1 ࡞♟ࡊࡒࡻ࠹࡝㍇
ᕵᅰ㐽ᢝᛮࢅ♟ࡌࡆ࡛࠿ฦ࠾ࡖࡒࠊࡊ࠾ࡊ࡝࠿ࡼࠉ
࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤㄇᑙమ࡚ࡢࢹ࢙ࣜࣤ࡫ࡡ఩
⁈よᗐࡡࡒࡴ࡞᢫ฝ⋙࠿఩ࡂࠉ࣓ࢿ࣏࣭ㄇᑙమ࡛ࡡ
༎ฦ࡝Ẓ㍉࠿࡚ࡀ࡝࠾ࡖࡒࠊᚉࡖ࡙ࠉᕵᅰ㢦ࡡ㐽ᢝ
ᛮ࡞ཀྵ࡯ࡌ࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤࡡ⎌ᵋ㏸ࡡຝᯕ
࡞ࡱ࡚ゕཀྵࡌࡾ࡞ࡢ⮫ࡼ࡝࠾ࡖࡒࠊ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
㸩㸣ࡱ࡛ࡴ

 ࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤ⎌ࡡࡻࡽ㛜࠷ࡒ upper rim
ഁ࡞ࠉ㍇ᕵᅰ㐽ᢝᛮࢅ♟ࡌ㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗᇱ
ࢅᑙථࡊࡒ᢫ฝ๠ࢅྙᠺࡊࠉ㸨౮ࡡᕵᅰ㢦㔘ᒌ࢕࢛
ࣤ࡞㛭ࡌࡾ᢫ฝᣪິ࡞ࡗ࠷࡙᳠ゞࡊࡒࠊࡱࡒࠉẒ㍉
ᑊ↯∸࡛ࡊ࡙ࠉᑊᚺࡌࡾ㸩⣥࢓࣓ࣤࢼ࣑ࢗᆵ࣓ࢿ࣏
࣭ㄇᑙమ࡛ᕰ㈅ࡡ㸩⣥࢓࣓ࣤࢼ࣑ࢗሲ᢫ฝ๠ࢅ⏕࠷
࡙ᐁ㥺ࢅ⾔ࡖࡒࠊࡐࡡ⤎ᯕࠉᮇ◂✪࡚ྙᠺࡊࡒ㸧⛸
ࡡ㸩⣥◢㓗࢓࣓ࣤࢼ࣑ࢗᆵ᢫ฝ๠ࡢࠉᕰ㈅ࡡ᢫ฝ๠
࡛ྜྷᵕ࡞ࠉᑙථࡊࡒᏻ⬗ᇱ࡞⏜ᮮࡊ࡙ࠉධ࡙㍇ᕵᅰ
㐽ᢝᛮࢅ♟ࡌࡆ࡛࠿᪺ࡼ࠾࡛࡝ࡖࡒࠊᮇ◂✪࡚ྙᠺ
ࡊࡒ࢜ࣛࢴࢠࢪ[4]࢓࣭ࣝࣤㄇᑙమࡢ᭯ᶭ⁈፳࡫ࡡ
఩⁈よᗐࡡၡ㢗࡞ࡻࡽᐁ㥺᮪௲࠿โ㝀ࡈࡿࠉᕵᅰ㢦
ࡡ᢫ฝ⋙࠿఩࠾ࡖࡒࠊࡊࡒ࠿ࡖ࡙ࠉᕵᅰ㢦ࡡ㐽ᢝᛮ
࡞ཀྵ࡯ࡌ࢜ࣛࢴࢠࢪ࢓࣭ࣝࣤ⎌ࡡᵋ㏸ຝᯕ࡞ࡗ࠷࡙
ࡢゕཀྵࡌࡾࡆ࡛ࡢ࡚ࡀ࡝࠾ࡖࡒࠊ㧏⬙⁈ᛮࡡ᢫ฝ๠
ࢅྙᠺࡌࡾ࠾ࠉᴗ఩⃨ᗐࡡᕵᅰ㢦ࢅฦᯊ࡚ࡀࡾࢨࣤ
ࢲ࣭ࣝࢨࣘࣤ࢜ࢗࣤࢰ࣭࡝࡜࡚ࡡῼᏽ࠿᭻ࡱࡿࡾࠊ 
    experimental conditions.
! "#$% &''()*+, -./-01 2()+,
3 "#$% 4''()*+, -./-01 2()+,
5 "#$% (2'()*+, -./-01 2()+,
6 "#$% 4''()*+, -./-01 7()+,
8 "#$% 4''()*+, -./-01 1()+,
9 "#$% 4''()*+, .-01 :;1()+,
< "#$% 4''()*+, .-01 4()+,
= >??@#A 4''()*+, -./-01 B()+,
CD!EFG H!EFG
Table 1  Experimental number and various
Keisuke OHTO, Ryoji Sugiyama, Hiroaki ISHII, Katsutoshi INOUE 
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